Bacterial strains and inoculation
The following strains were used in this study: quails at day 18 after mono-association with C. butyricum GAI 92066 (Table 1) . Pathological changes in other portions of the intestinal tract were not observed. Gas cysts were found in the mesentery between the cecum (Fig. 1A) and in the subserosa of the cecum, but not in the submucosa. Histologically, the gas cysts were lined by epithelioid cells, including giant cells, and granuloma with infiltration of small round cells and hyperplastic fibroblasts were found around the cysts (Fig. 1B) . The quails fed a lactose free diet and mono-associated C butyricum GAI Cecal lesions were observed in all the 4 quails mono-associated with C. butyricum GAI 92066 and 1 of the 4 with E. coil at day 35 (Table 2) . Histopath ologically, gas cysts were found in the muscular layer ( Fig. 2A) , and erosion and hemorrhage were seen in the mucosa with inflammatory cell infiltration. However, there were no necrotic areas (Fig. 2B) . These lesions were typical findings to diagnose PCI.
Concentrations of acetate and butyrate, pH, and bacterial counts in cecal contents were similar to the values at day 18 in all groups. The concentration of acetate in the cecal contents was higher in the quails mono-associated with C. butyricum, B. fragrlis, and E. coll. Although Gram staining was performed to examine for the presence of bacteria in the cysts, Gram positive substances could not be detected.
In the quails mono-associated with B. breve, viable microorganisms were not detected in the feces throughout this experiment, and thus B. breve was never colonized in the intestine. The body weight or organ weights among the groups were not different.
Moreover, no deaths were encountered during this experiment. Two gasw mutants were obtained from C.
butyricum GAI 92066, and were sensitive to the bacteriophage, which had a high specificity for the parent strain17. The biochemical characters of gasw mutants were consistent with the parent strain. The gas productions in PYL broth of their mutants were less than a half of parent strain.
Cecal PCI in the quails mono-associated with the gasw mutant 111 or 182 was observed in 3 of 8 and 3 of 10 quails, respectively ( Table 3 ). The inci dence of PCI in quails mono-associated with gasw mutant 182 was significantly lower than that in the parent strain (P<0.05).
The concentration of acetic acid in the cecal contents mono-associated with the parent strain tended to be higher than that mono associated with gasw mutants, but there was no significant difference.
Discussion
In this study, gas cysts in the cecal wall and mucosal lesions were observed in the quails mono associated with C. butyricum or E. coli, but, necrosis was not found and was not similar to the lesion of necrotizing enterocolitis (NEC).
In the quails at day 18 after mono-association with C. butyricum, gas cysts appeared mainly in the mesentery between the cecum and the cecal serosa, but showed no changes in the mucosa.
At day 35, gas cysts were found in the serosa and the muscular layer It is not apparent in this study whether gas cysts were formed by bacterial invasion or intraluminal pressure without bacterial invasion. In fact, bacteria were not detected in the gas cysts.
The incidence of cecal lesion was not 100% in the quails mono-associated with C. butyricum, which finding was consistent with the previous report3.
These results suggest that the development of these lesions might be affected by host factors as well as bacterial behavior. Since the quails exhibit a low endogenous lactase activity1 and its cecum is a blind pouch, bacteria facilitate the overgrowth in the cecum by using lactose that reaches the cecum without absorption. At this time, a large amount of gas and short chain fatty acids might be produced by C butyricum or E. coli.
Then, either the penetration of gas or the bacterial invasion might lead to the formation of gas cysts in the mesentery between the cecum.
In conclusion, the findings in this study suggest ed that non-pathological indigenous bacteria might be the cause of some lesion although in an uncom mon condition such as germfree animal. Although the intestinal contents of newborn animals are said not to contain microorganisms for a while30, it is inadequate to directly apply our results to those in newborns.
